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[57] ABSTRACT 

A microwave radar signal is generated (12) for trans- 
mission through an antenna (20). Before transmission, 
the signal is phase modulated (18) by 0° or 90° amounts 
during each alternate half-cycles of an intermediate 
frequency (IF) clock signal (26). After transmission and 
return, the signal is again phase modulated (18) the same 
amounts during each alternate half-cycles. The return 
phase modulated signal is mixed (24) with a leakage 
signal component of the microwave signal, leaving an 
IF doppler. The IF doppler signal may then be ampli- 
fied (30), removing any requirement that direct current 
level signals be amplified and also removing the effect 
of detector noise from the doppler signal. 


10 Claims, 6 Drawing Figures 
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DOPPLER RADAR HAVING PHASE 
MODULATION OF BOTH TRANSMITTED AND 
REFLECTED RETURN SIGNALS 

ORIGIN OF THE INVENTION 

The invention described herein was made by employ- 
ees of the U.S. Government and may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the 
payment of any royalties thereon or therefor. 

TECHNICAL FIELD 

The present invention relates to doppler radar, partic- 
ularly the measurement of velocities at near zero dop- 
pler frequencies. 

BACKGROUND ART 

Generally, in the past three types of radar have been 
used — pulse radar, continuous wave (CW) radar and 
doppler radar. The first two types are expensive and 
may not measure distances at close range. The third 
type, or doppler radar, is often used by law enforcement 
officers in checking motor vehicle speed. It has been 
generally inexpensive, reliable and accurate and has 
worked at close ranges. However, doppler radar has 
had problems measuring low velocity targets. In order 
for doppler radar to measure low velocities (near zero), 
certain circuit components including a mixer, filter 
amplifier and read-out circuit had to be directly cou- 
pled. However, in measuring velocities near zero, a 
problem existed in the amplifier and filter portion since 
the amplifier was required to have a direct current re- 
sponse and the filter was required to track down to zero 
frequency. 

In the detector circuit of the doppler radar, a direct 
current was formed by diode circuitry together with an 
alternating current signal resulting from the reflected 
return doppler signal. 

Due to the requirement of compensation for propaga- 
tion losses, the detector signal often had to be amplified 
by a factor of as much as 10®. In addition to this sort of 
gain, to allow for wide variations in speed an amplifier 
was required to amplify low doppler counts, often near 
zero, for relatively little relative movement. An ampli- 
fier having such a magnitude of gain and operating at 
very low frequencies presents severe design problems. 
Further, the detector often had an offset on the order of 
one-half volt. Amplifying this extraneous voltage by a 
factor of 10® could obscure the meaningful information 
in the doppler signal. Further, as frequencies decreased, 
detector noise (also known as 1/f noise) became greater. 
Amplification of this noise again could often mask dop- 
pler information. 

Certain prior art patents relating to radar have uti- 
lized some form of phase modulation in portions of their 
systems. In U.S. Pat. Nos. 3,388,398; 4,019,185; 
4,042,925 and 4,184,154, the transmitted radar signal 
was phase modulated by a pseudo-random code and the 
returned radar signal was cross-correlated with the 
pseudo-random code, apparently either in order to in- 
crease the effective detection ranges of the radar or to 
eliminate range ambiguities. One other patent, U.S. Pat. 
No. 3,750,172, used multiple frequencies rather than 
phase modulation in order to render the radar insensi- 
tive to targets beyond a preselected range. So far as is 
known, however, none of these radar systems have 
dealt with the problem of close ranges or near zero 
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velocities, situations which can occur in aircraft or 
spacecraft. 

DISCLOSURE OF INVENTION 

Briefly, the present invention relates to a microwave 
doppler radar system for detecting, with transmitted 
radar signals, the range rate of an object at close range 
from returned signals reflected from the object. Both 
the transmitted and returned signals are periodically 
phase modulated, preferably by a like amount of prede- 
termined phase shift, during the same one of two alter- 
nate half cycles of an established operating frequency. 
The returned signal is multiplied with the transmitted 
signal to form an intermediate frequency signal. The 
intermediate frequency signal is then amplified and 
demodulated to form a doppler signal indicative of the 
range rate of the object. 

With the present invention the intermediate fre- 
quency signal which could vary, for example, in ampli- 
tude from one hundred millivolts to as low as one mi- 
crovolt can be easily amphfied without requiring a di- 
rect current amplifier with its attendant drift problems. 
Further, the intermediate frequency (IF) signal can be 
filtered for less noise around the IF frequency rather 
than in base band as was done in prior doppler radar. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic electrical circuit diagram of a 
doppler radar system according to the present inven- 
tion; and 

FIG. 2 is the waveform of the clock signal 

FIG. 3 is the Doppler signal with 0° phase shift 

FIG. 4 is the product signal, S/fwith 0° and 90° phase 
shift 

FIG. 5 is the IF signal amplified into saturation 

FIG. 6 is the demodulated output. 

DESCRIPTION OF PREFERRED EMBODIMENT 

In the drawings, a doppler radar system R (FIG. 1) 
with phase modulation of both the transmitted and re- 
flected return signal is shown. In the radar system R, a 
radar signal is generated by the application of a low 
direct current voltage, such as ten volts, from a power 
supply to an oscillator 12. The oscillator 12 may be, for 
example, a Gunn diode or any other suitable oscillator 
which generates a microwave signal, on the order of 
around ten GHz. The microwave signal formed in the 
oscillator 12 is passed through a circulator 14 to two 
ports. A first port 16 is the transmit-receive port and 
leads through a phase shifter 18 to an antenna 20 
through which a transmitted microwave radar signal 
Sr is transmitted and received. A second port 22 serves 
as a signal detecting port and conducts the returned 
radar signals to a mixer 24. The port 22 further conducts 
a leakage signal Si, in the form of a portion of the signal 
formed in the oscillator 12, to the mixer 24 so that a 
product signal is formed between the leakage signal Si 
and a returning signal Sr, for reasons to be set forth. 

The phase shifter 18 receives a clock signal (FIG. 2) 
of an established operating frequency. As can be seen in 
FIG. 2, the clock signal is composed of alternating 
half-cycles Ti and Tj. In the phase shifter 18, each of 
the signals presented thereto from the port 16 and an- 
tenna 20, representing both the transmitted signal Sr 
and the returned signal Sr have no, or 0°, phase shift 
imposed thereon during the first one T i of the alternate 
half-cycles of the clock signal present on input 26. Con- 
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versely, during the other of the alternate half-cycles T2, 
each of the signals Sr and SA have a tt/2 or 90“ phase 
shift imposed thereon. 

The transmitted signal Sr then passes from the phase 
shifter 18 to the antenna 20, from which it travels to and 5 
is reflected by a target, if one is present, designated 
symbolically at 28. The microwave radar signal S'r 
reflected froin the target 28 then returns to the antenna 
20, from which it passes as the reflected signal S'^ to the 
phase shifter 18, undergoing phase shift in the manner 10 
set forth above depending upon the half-cycle of the 
clock signal. 

The return signal S/j passes from the phase shifter 18 
through the circulator 14 and port 22 to the mixer 24. 

As has been set forth above, the circulator 14 addition- 15 
ally provides the signal Si from the oscillator 12 to the 
mixer 24. The mixer 24 forms a product signal S/^-(FIG. 

4) which is then provided to an amplifier 30 for amplifi- 
cation and filtering about a center intermediate fre- 
quency (IF) signal corresponding to the clock signal 20 
provided to the phase shifter 18 over input 26. The 
output of the amplifier 30 for an example doppler signal 
(FIG. 3) is shown at FIG. 5. The output of the amplifier 
30 is then furnished to a demodulator 32. The demodu- 
lator 32 further receives the clock signal provided to the 25 
phase shifter 18 at an input terminal 34 so that the dop- 
pler signal present in the output of the amplifier 30 may 
be demodulated, forming an example signal shown in 
FIG. 6 which is provided to a suitable display indicator 
36. 30 

With the present invention, it is possible to phase 
modulate the path of both the transmitted signal Sr and 
the reflected return signal Sr in the phase shifter 18 by 
electronically changing the path by ± one-fourth wave 
length at a suitable intermediate frequency signal, for 35 
example ten-thousand times per second. This causes the 
reflected return signal S;? entering the mixer 24 to be 
phase modulated ±7 t/2 radians at an intermediate fre- 
quency of ten-thousand times per second. The circula- 
tor 14 forms a sum of the transmitter leakage signal Si ^ 
and the reflective signal Sr which is fed to the diode 
mixer 24. As has been set forth above, the mixer 24 
forms an output signal which has a direct current term 
proportional to the sum of the RMS values of the leak- 
age signal Si and the reflective signal Sr. In addition to 
this direct current term, the output of the mixer 24 
contains noise and the product of the leakage signal Si 
and the return signal Sr. The doubled frequency terms 
formed by multiplication of the leakage signal and the 
return signal in the mixer 24 are removed by filtering in 
the amplifier 30. 

For situations where: 

(a) the period of the clock signal very greatly exceeds 
the roundtrip delay time between antenna and target, or 


4 

nent much more easily than a base band signal of the 
type produced by prior doppler radars. 

Thus, with the present invention, the alternating dop- 
pler signal is translated to an intermediate frequency 
(IF) where such signal has less noise. This IF signal 
further can be filtered and demodulated at a high level 
so that the doppler signal can be displayed for velocity 
values as low as zero. Further, at the intermediate frer 
quency level, the direct current signal formed in the 
mixer 24 is filtered out and thus does not affect the 
doppler information. 

For ease and understanding the present invention, the 
following explanation of the operation is set forth: 

DEFINITIONS 

A] — amplitude constant which depends on transmit- 
ting power, etc. 

A2 — amplification 
0)0 — 2ffXl0GHz 
t — time 

O] — attenuation in waveguide 
02 — attenuation of the reflected return signal 
9 — phase shift of signal return 
td — total time delay between transmitted and re- 
flected return signal 

D — distance between transmitter-receiver and target 
C — speed of wave 

B — reference leakage signal amplitude 
T], T2: Ti low and T2 high clock 
IF — intermediate frequency 
S/f— IF signal 

Si) — high level doppler signal 
Based on the foregoing definitions, the following 
signals are present in the radar system R: 

Oscillator signal 

S(bc='4i sin oiot 

Transmitted signal 

St=Aio] sin (o)„/+(0(7’i),n/2(r2))] 

The reflected return signal 

5R=y4jaia2 sin l<i>ot-e-u>etd+(0(Tt)Ml2))] 


Reference leakage signal 


S|=/4]B sin ci>ci 


The mixer detector output signal 
S/F=(5«+5i)2 


Period of clock > > roundtrip delay time; and 

(b) the maximum doppler frequency is very much less 
than the clock frequency, or 


sin 

a>otd+ WT\)M Ti)')]?' + (/< 1 B sin 
a>af? + ').A\B sin tOgOAiaiai sin 
[a>ot- 6 - <i>otd+ (0(Ti),ir(,Ti))] 


Max doppler freq< < clock frequency 

with the present invention it can be shown that the 
output signal from the amplifier 30 is a bi-phase modu- 
lated signal containing a noise component, a clock sig- 
nal and a doppler component introduced by relative 65 
motion of the target 28 with respect to the antenna 20. 
This type of signal according to the present invention 
can be amplified and filtered to reduce the noise compo- 


As has been set forth above, in the amplifier 30, the 
direct current term in the mixer detector output signal 
S//rand the double frequency 2o)oare filtered out of the 
mixer detector output signal. Further, the remaining 
portions of the mixer detector output signal can be 
categorized as a modified signal S' if in the form of the 
product of two signals at the microwave frequency &><, 
as follows: 


60 
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jf=2A\B (s)(^xA\a\a 2 sin 
[iOol-0-a>otd+(O(T]),7r(r2)] 

By performing this multiplication operation in the 
mixer 24 and filtering out the 2 wo frequency term in the 
amplifier 30, the resultant signal presented to the de- 
modulator 32 is a signal which can be characterized as 
follows: 

SiF=A\^Ba\a2 COS [9 + <OoId— ((KT'O.jrCTj))] 

As has been set forth above, this signal can be ampli- 
fied to a high level without losing the doppler informa- 
tion since it is at an intermediate frequency, in effect 
substituting the amplification A 2 for the initial ampli- 
tude constant Ai. 

In the demodulator 32, the doppler signal So is 
formed as follows: 


So == A-p-Boi 1 oc 2 COS[0 + (Oolrf - w(72)] X 

COSWri), 17(72))] 

= i A2^Bo: I a 2[C0S(9 <i>otd) + 

COS(fl + - 2(0(r|), 17(72))] 

The last component of frequency of the preceding 
equation represents twice the clock signal (FIG. 2) 
which is a much higher frequency than the other two 
components of the doppler signal Soi which can also be 
filtered out in demodulator 32, forming the output dop- 
pler frequency signal So expressed as follows: 

So=iA2^Baia2 COS (S-Kuolrf) 

which is presented to the range rate display 36. 

For a constantly moving target, the doppler fre- 
quency is represented by the time derivative of the 
preceding expression, and since 0 is a constant, the 
doppler frequency Fois defined as follows: 

D = distance to target 



^doppler t — d + <1)0 ^ 

Distance is function of time 

yr 

Fo = 0 + Fo 2 ^ 

where Fo is the oscillator frequency, V, is the radial 
velocity and ^doppler is times the doppler frequency. 

With the present invention, the low level detected 
signal which can vary from 0.1 volt to one microvolt 
can be easily amplified at the intermediate frequency 
(FIG. 4). This signal can then be filtered for less noise 
around the center frequency at the intermediate fre- 
quency rather than having to be filtered in the base band 
as with prior art doppler type radars. This intermediate 
frequency signal can then be demodulated at a high 
level and the doppler frequency can be displayed for 
velocity values beginning at zero. 
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The foregoing disclosure and description of the in- 
vention are illustrative and explanatory thereof, and 
various changes in the size, shape, materials, compo- 
nents, circuit elements, wiring connections and 
contacts, as well as in the details of the illustrated cir- 
cuitry and construction may be made without departing 
from the spirit of the invention: 

We claim: 

1. A doppler radar system for detecting the range rate 
of an object at close range comprising: 

(a) Local oscillator means for generating a radar 
signal; 

(b) a single antenna for transmitting and receiving 
radar signals; 

(c) means for phase modulating both the transmitted 
and returned signals with the same modulator and 
wherein said modulation occurs prior to any signal 
mixing; 

(d) means for mixing the returned signal with the 
local oscillator signal to form an intermediate fre- 
quency signal; 

(e) means for amplifying the intermediate frequency 
signal; and 

(f) means for demodulating the amplified intermedi- 
ate frequency signal to form a doppler signal indic- 
ative of the range rate of the object. 

2. The radar system of claim 1, wherein said means 
for phase modulating comprises: 

phase shift means. 

3. The radar system of claim 2, wherein said phase 
shift means operates on alternate half cycles of an estab- 
lished operating frequency and further comprises: 

(a) means for imposing no phase shift in one of the 
alternate half cycles; and 

(b) means for imposing a predetermined phase shift in 
the other of the alternate half cycles. 

4. The radar system of claim 3, wherein said means 
for imposing a predetermined phase shift comprises: 

means for imposing a 90° phase shift. 

5. The radar system of claim 3, wherein the estab- 
lished operating frequency is an intermediate frequency 
signal and further including: 

clock means for forming the intermediate frequency 
signal. 

6. The radar system of claim 1, further including: 

means for displaying the demodulated signal to indi- 
cate the range rate of the object. 

7. A method of detecting the range rate of an object 
at close range comprising the steps of: 

(a) forming a radar signal with oscillator means; 

(b) transmitting and receiving said signals with the 
same antenna; 

(c) phase modulating both the transmitted and re- 
turned signals with the same modulator prior to 
any signal mixing; 

(d) mixing the returned signal with the oscillator 
signal to form an intermediate frequency signal; 

(e) amplifying the intermediate frequency signal; and 

(f) demodulating the amplified intermediate fre- 
quency signal to form a doppler signal indicative of 
the range rate of the object. 

8. The method of claim 7, wherein said step of phase 
modulating is performed during alternate half cycles of 
an established operating frequency and comprises the 
steps of: 

(a) imposing no phase shift in one of the alternate half 
cycles; and 
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(b) imposing a predetermined phase shift in the other 
of the alternate half cycles. 

9. The method of claim 8, wherein said step of impo^ 
ing a predetermined phase shift comprises the step of; 
imposing a 90° phase shift. 5 


8 

10. The method of claim 7, further including the step 
of: 

displaying the demodulated signal to indicate the 
range rate of the object. 

***** 
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